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Abstract 
Human-robot interaction is a rapidly growing research area which more and more roboticists and computer sci-
entists are moving into. Publications on work resulting from such studies rarely consider in detail the practical  
and methodological problems encountered. This paper aims to highlight and critically discuss such problems 
involved in conducting human-robot interaction studies. We provide some examples by discussing our experi-
ences of running two trials that involved humans and robots physically interacting in a common space.  Our 
discussion emphasises the need to take safety requirements into account, and minimise the risk of physical harm 
to human subjects.  Ethical considerations are considered, which are often within a formal or legal framework 
depending on the host country or institution.  We also discuss future improvements for features of our trials and 
make suggestions as to how to overcome the challenges we encountered. We hope that the lessons learnt will be 
used to improve future human-robot interaction trials. 
 
1 Introduction 
In the course of our research for the COGNIRON 
Project [2005], we are primarily interested in the 
research area of Human-Robot Interaction (HRI), in 
particular with regard to socially interactive robots.  
An excellent overview of socially interactive robots 
(robots designed to interact with humans in a social 
way) is provided in Fong et al. [2003].  As we are 
primarily studying the human perspective of human-
robot interaction, human scaled robots in live trials 
within a human orientated environment were re-
quired.   
 
 
Fig. 1:  Children playing games with the University 
of Hertfordshire PeopleBotTM at the London Science 
Museum event in October 2004. 
 
Other researchers that have conducted similar hu-
man centred trials with human sized robots include 
Dario et al. [2001], Severinson-Eklundh et al. 
[2003], Kanda et al. [2004] and Hinds et al. [2004]. 
To date, we have conducted two human-robot trials 
with human scaled PeopleBotTM robots. One trial 
involved a single robot interacting with groups of 
children in a game scenario. The trials took advan-
tage of a software evaluation event at the University 
of Hertfordshire, hosted by the Virtual ICT Em-
pathic Characters (VICTEC) project [VICTEC, 
2003].  The other trial involved individual adults 
interacting with a robot in various contexts and 
situations, within a simulated domestic (living-
room) environment. We have also participated in 
other displays and demonstrations which have in-
volved robots interacting in the same physical space 
as one or more humans. In particular, we success-
fully ran interactive games for groups of up to 40 
children at a time, at a major public event at the Sci-
ence Museum in London [BBC Science News, 
2004].  The PeopleBotTM robots have also been 
demonstrated on several occasions during open days 
at the University of Hertfordshire.  This paper will 
present some of the methods we have developed and 
critically discuss the various trials and events we 
have been involved with to date. 
 
2 Planning, Legal and Safety 
Before running a trial involving humans and robots 
physically interacting, certain legal and ethical is-
sues must be satisfied.  At this stage it is good prac-
tice, and in the UK a legal requirement under the 
Management of Health and Safety at Work Regula-
tions 1999, to carry out a risk assessment for all 
work activities involving employees or members of 
the public [Crown Copyright, 2003]. These first 
activities are considered here. 
2.1 Legal and Ethics Approval 
Many institutions, including the University of Hert-
fordshire [UPR AS/A/2, 2004], require that an Eth-
ics Committee must give approval for all experi-
ments and trials involving human subjects.  Usually, 
this approval is gained by submitting a (written) 
description of the trials or experiments to be per-
formed to the committee.  The Ethics committee 
will then consider the proposal, and may modify, 
request further clarification, ask for a substantial 
rewrite, or even reject the proposal outright on ethi-
cal grounds.  In general, the Ethics committee will 
make possible objections on the following grounds: 
 
Privacy – If video, photographic or records of per-
sonal details of the subjects are being made and 
kept, the committee will be concerned that proper 
informed consent is given by subjects, any personal 
records are securely stored and will not be misused 
in any way. If personal data is to be held on a com-
puter database, then the legal requirements of the 
Privacy and Electronic Communications Regula-
tions [Crown Copyright, 2003] must be adhered to.  
If any public use of the video or photographs is to be 
made for conferences or publicity purposes, then 
participants must give explicit permission. 
 
Protection of minors and vulnerable adults – In the 
UK it is a legal requirement (Protection of Children 
and Vulnerable Adults Order, 2003) that anyone 
who works with children or vulnerable adults must 
have their criminal record checked.  In the UK, any-
one under 18 is classed as a child in this context, 
and the term vulnerable adult includes the infirm or 
elderly in a care situation. Regulations in many 
other countries in Europe are less strict, but if ex-
periments or trials are planned to involve children or 
vulnerable adults, then any legal implications or 
requirements must be considered.  For example, not 
gaining the appropriate checking of criminal records 
could lead to a situation where subjects who are 
keen to participate in a study need to be turned 
down. Given the general problem in recruiting a 
sufficiently large sample of human subjects, this 
could potentially cause problems.  
 
Mental or emotional stress and humiliation – The 
trials should not give rise to undue mental or emo-
tional stress, with possible long-term repercussions. 
Where an experimental situation is actually de-
signed to put a subject under stress intentionally, it 
may not be possible to avoid stressing the subject. 
The Ethics Committee will want to be satisfied that 
if any mental or emotional stress is suffered by sub-
jects, it is justified and that no after effects will be 
suffered by subjects. In our own studies we were 
interested in how subjects ‘spontaneously’, or ‘natu-
rally’ behaved towards robots, so we had to care-
fully design the scenarios in order to be on the one 
hand controlled enough to be scientifically valuable, 
but on the other hand open enough to allow for re-
laxed human-robot interactions. It is advised to in-
clude a statement in the consent form which points 
out that the subject can interrupt and leave at any 
stage during the trial for whatever reasons, if he or 
she wishes to. 
 
Physical harm – Practically all experiments that 
involve humans moving will involve some degree of 
risk.  Therefore, any human-robot trials or experi-
ments will pose some physical risk for the subjects. 
The Ethics Committee will want to be satisfied that 
the proposal has considered any potential physical 
risks involved.  The subjects’ safety is covered in 
more detail below.  
2.2 Safety 
Robot-Human Collision Risk - For trials involving 
humans and robots, the obvious immediate risk is 
the robot colliding with a human subject, or vice 
versa.  The robots that we used in our trials are spe-
cifically marketed for the purpose of human-robot 
interaction studies. In order to alleviate the risk of 
the robot colliding with human subjects, two strate-
gies were adopted: 
 
Overriding anti-collision behaviour – The People-
BotTM robots we use can have several behaviours 
running at the same time as any top-level program. 
This is a natural consequence of the PeopleBotTM 
operating system which follows the principles of the 
subsumption architecture expounded originally by 
Rodney Brooks [1991]. Many other commercially 
available robot systems have similar programming 
facilities.  We always had basic collision avoidance 
behaviours running at a higher priority than any task 
level program.  This means that no matter what the 
task level program commands the robot to do, if a 
collision with an object is imminent, the underlying 
anti-collision behaviour cuts in.  Depending on the 
form of the hazard and the particular safety behav-
iour implemented, the robot will either stop or turn 
away from the collision hazard.  The lower priority 
task level programs include both those that provide 
for direct or semi-autonomous remote control by 
Wizard of Oz (WOZ) operators [Maulsby et al. 
1998] and also fully autonomous programs.  We 
have found that the sonar sensors used by the Peo-
pleBotTM are very sensitive to the presence of hu-
mans. However, some common household objects, 
especially low coffee tables, are not so readily 
picked up by the sensors.  By judicious placing of 
objects that are readily sensed, such as boxes, foot-
balls, cushions etc, it is possible to create a trial en-
vironment where it is literally impossible for the 
robot to collide with any object. For example, we 
adopted this strategy to avoid the robot bumping 
into the table where the person was sitting (see 
fig.2). 
 
 
Fig. 2: A subject sitting at the desk, showing a box 
placed under the table to create a target for the ro-
bot’s sonar sensors. 
 
Monitoring by the WOZ operators – Even while the 
robot is running a fully autonomous program, a 
WOZ operator (see section 3.1) monitors discreetly 
what is happening. The robot’s underlying safety 
behaviours include the overriding ability for the 
WOZ operator to stop the robot immediately by 
remote wireless link if it is perceived that the robot 
poses a risk to a human at any time.  There is also a 
large red emergency stop button on the robot, which 
is hardwired, providing an independent failsafe 
method to stop the robot. Simply pressing the button 
cuts the power to all the robot’s motors.  This is 
simple enough for non experts to operate, and will 
work even if the robots control software crashes or 
fails to respond. Anyone who is physically close 
enough (i.e. in perceived danger) to the robot can 
access the button.  
 
In our trials, only during the software development 
process of the program has it been necessary for 
WOZ operator or others to initiate a stop; mainly to 
avoid the robot damaging itself rather than actually 
posing a threat to humans in the vicinity.  During 
our human-robot interaction trials, the underlying 
safety behaviour has proved to be both robust and 
reliable in detecting and avoiding collisions with 
both children and adults.  The actual robot programs 
have been heavily tested in the physical situations 
for all the trials we have run.  This is necessary as 
knowing how the robot will respond in all physical 
circumstances is critical for the safety of the partici-
pants in any trial.   
 
For the risk case of a human colliding with the ro-
bot, there is little action that can be taken by the 
robot to avoid a human. The robot moves and reacts 
relatively slowly, compared to the speeds achievable 
by a human.  Therefore, it is up to the human to 
avoid colliding with the robot. Luckily, most hu-
mans are experts at avoiding collisions and we have 
found that none of our subjects has actually collided 
with the robot.  In some of the trials with children it 
has been necessary to advise the children to be gen-
tle or to move more carefully or slowly when near to 
the robot. We found that children will mostly take 
notice if the robot actually issues these warnings 
using the robot’s own speech synthesis system.  
 
Other Possible Risks to Participants - Our robot was 
fitted with a lifting arm, which had a small probabil-
ity of causing injury to humans. The arm itself was 
made of coloured cardboard made to look solid, so it 
looked more dangerous than it actually was.  Our 
main concern about the arm was if the ‘finger’ was 
accidentally pointed into a human’s face or eyes. 
This risk was minimised by keeping the arm well 
below face level even when lifted.  Other possible 
risks to participants that must be considered are 
those that would be present in any domestic, work 
or experimental situation. These include things such 
as irregular or loose floor coverings, trailing cables, 
objects with sharp or protruding edges and corners, 
risk of tripping or slipping, etc.   
 
In our trial involving children, small prizes were 
given during and at the end of each session.  We 
were advised against providing food (i.e., sweets) as 
prizes, as some children may have had allergies or 
diabetes which could be aggravated by unplanned 
food intake. We also never left subjects alone with a 
robot without monitoring the situation. 
3 Experimental Implementation 
When running a human-robot interaction trial, the 
question that must be addressed is how to imple-
ment the proposed robot functions and behaviour.  
There are two main methods for developing suitable 
robot features, functions and behaviour for trials 
where we are primarily interested in the human-
centred perspective towards the robot or its function.   
3.1 Wizard of Oz Methods 
It is usually relatively quick to create a scenario and 
run the robot under direct WOZ operator control. 
This is a technique that is widely used in HRI stud-
ies as it provides a very flexible way to implement 
complex robot behaviour within a quick time-scale 
(Robins et al. 2004 and Green et al. 2004).  The 
main advantage is that it saves considerable time 
over programming a robot to carry out complex in-
teractions fully autonomously. However, we have 
found that it is very tiring for the WOZ operators to 
control every aspect of the robot’s behaviour, espe-
cially in multi-modal interactions and scenarios. It 
usually requires two operators, one for controlling 
movement and one for speech, in order to maintain 
reasonable response times during a trial.  It is also 
difficult to maintain consistency between individual 
trial sessions. Practise effects are apparent as the 
operators become better at controlling the robot at 
the particular task scenario through the course of a 
series of trials.  Practise effects can be minimised by 
thoroughly piloting the proposed scenario before 
carrying out ‘live’ trials.  
 
 
Fig. 3:  The Wizard of Oz operators and control 
room area for human-robot interaction trials at the 
University of Hertfordshire in 2004.  
3.2 Autonomous Robot Control 
The other robot control method is to pre-program 
the robot to run all functions autonomously.  Obvi-
ously this method overcomes the problems of opera-
tor tiredness and consistency, but implementing 
complex autonomous behaviour is very time-
consuming.  However, if trials are testing complex 
human-robot social behaviours, or implementing 
desired future robot capabilities, it will not be tech-
nically feasible at present to program a robot to act 
fully autonomously. In accordance with the COG-
NIRON project aims, we are studying scenarios that 
go “beyond robotics”.  For this we have to project 
into the future in assuming a robot companion al-
ready exists that can serve as a useful assistant for a 
variety of tasks in people’s homes. Realistically, 
such a robot does not yet exist. 
 
The PeopleBotTM robots have a sophisticated behav-
iour based programming API called ARIA [Ac-
tivMedia Robotics, 2005].  This provides facilities 
to develop task control programs, which can be in-
tegrated into the ARIA control system.  The actual 
task control program can be assigned a priority, 
which is lower than the previously mentioned safety 
behaviours (see section 2.2).  Therefore, fundamen-
tal safety and survival behaviour, such as collision 
avoidance, emergency stop etc. will always take 
precedence over the actual task commands.   
 
In practice, we have found that a mixture of 
autonomous behaviours and functions, and direct 
WOZ control provides the most effective means of 
generating the desired robot’s part of the HRI.  The 
basic technique is to pre-program the robot’s 
movements, behaviours or sequences of movements, 
as individual sequences, gestures or actions that can 
be initiated by the WOZ operator.  In this way the 
WOZ operator is able to exercise judgement in initi-
ating an appropriate action for a particular situation, 
but is not concerned with the minute details of car-
rying that action out.  The operator then is able to 
monitor the action for potential hazard situations 
and either stop the robot or switch to a more appro-
priate behaviour. Because the robot is actually gen-
erating the individual movements and actions 
autonomously, better consistency is ensured. Also, 
the temporal behaviour of a robot under WOZ or 
autonomous control is likely to differ significantly, 
so whenever possible and safe, autonomous behav-
iour is advantageous over remote-controlled behav-
iour. 
 
Robot program development & pilot studies- When 
developing robot programs, which will be used to 
implement a HRI trial scenario, it is important to 
allow enough time to thoroughly practise the pro-
grams and scenarios thoroughly before the actual 
trials take place.  Pilot studies should be conducted 
with a variety of humans, as it is easy for the pro-
grammer or operator to make implicit or explicit 
assumptions about the way that humans will behave 
in response to a given trial situation. Of course, hu-
mans all exhibit unique behaviour and can do unex-
pected things which may cause the robot program to 
fail.   
 
The first trials we ran involved interactive game 
sessions with groups of children. These required the 
children to play two short games with the robot, a 
Rotation game and a Wander game.  The game pro-
grams ran mostly autonomously, except for starting 
the respective game programs, and also at the end of 
each round where a winning child was selected 
manually by remote control. When developing the 
interactive game programs for the Science Museum 
visit, the games ran totally autonomously for the 
whole of each game session. The Science museum 
game program  was more complex than the previous 
child group games programs as sensor interpretation 
was involved. However, because the Science Mu-
seum robot game program was fully autonomous, 
the pre-testing phase had to be much longer.  The 
extra time was needed to empirically find out opti-
mum action and response timings and durations, 
sensor levels and cues, and refining the program so 
that it worked properly with all the human test sub-
jects.   
 
For the single adult HRI trials, there were time limi-
tations on setting up and implementing the experi-
ment.  The robot behaviour was implemented almost 
entirely by direct WOZ control (with overriding 
safety behaviour active).  There was also limited 
time available for practicing the scenarios, which 
were to be implemented for the study.   The only 
autonomous behaviours used for this study were the 
wandering behaviour, used for acclimatising the 
subject to the robot’s presence, and the arm lift 
height, which was used to set the arm to the correct 
height for picking up special pallets which contained 
items that would be fetched by the robot at various 
times during the trial (fig 4).   
 
 
Fig. 4: The robot, fitted with a hook-like end-
effector, was able to fetch small items in special 
pallets. 
 
The WOZ operators were out of direct sight of robot 
and subject, and observed the scenarios via network 
video cameras placed around the room. The images 
from these were delayed by approximately 0.5 sec. 
There was also a direct, but restricted, video view 
from the robot camera which did not have any dis-
cernable delay.  These factors made providing 
timely responses (comparable to human responses) 
to the subject very difficult for the WOZ operators. 
However, it can be argued that, in the near future at 
least, this is likely to be true of all robots, and this 
was a realistic simulation of likely future robot per-
formance. 
4 Video Recording 
It is desirable to make a complete video record of 
the trials.  Video footage is one of the primary 
means of gaining results for later analysis and vali-
dation of results. They can be used to validate data 
obtained by other means, e.g. from direct measure-
ment, questionnaire responses, or recorded sensor 
data. Good video footage can provide time stamped 
data that can be used, processed and compared with 
future studies. However, in addition to the obvious 
advantages of video data, there are some drawbacks 
that researchers should be aware of at the outset of 
the design phase.  Analysing video footage is an 
extremely time consuming process and requires 
thorough training in the application of the scoring 
procedures, which can be complex.  Observations 
made from video footage are subjective and the ob-
server may portray their own perceptions and atti-
tudes into the date.  For this reason, it is essential 
that a full reliability analysis of video data is carried 
out involving independent rating and coding by ob-
servers who were not involved with the study, and 
did not meet any of the participants.  
4.1 Video camera types 
We used two types of video cameras for recording 
our trials; tripod mounted DV camcorders, and net-
work cameras.  The DV camcorders record onto 
mini DV tape, which must then be downloaded onto 
a computer hard disk before further analysis can be 
performed. The network cameras have the advan-
tage that they record directly to a computer’s hard 
disk, so there is no tedious downloading later on.  
They do require some synchronising, converting and 
combining, but this can be done automatically in 
batches overnight.  We have found that the DV 
Camcorders provide a better quality picture than the 
network cameras, with a synchronised soundtrack.  
While high quality video may not be strictly neces-
sary for analysis purposes, it does allow high quality 
still pictures to frame-grabbed from the video re-
cordings, which are invaluable for later writing up, 
papers and reports.  It is also easy to create short 
videos to incorporate into presentations and demon-
strations using standard video editing software. 
  
It is advisable to use at least two camera systems for 
recording trials or experiments. If one camera fails, 
than there will another stream of video data avail-
able.  It should be borne in mind that if a network 
camera fails, it may also lead to all the network 
cameras being bought down. Therefore, at least one 
camera should be a freestanding camcorder type, 
which stores the video data on (mini DV) tape.  
 
Note, a similar backup strategy is also advisable as 
far as the robotic platforms are concerned. In our 
case, we had a second PeopleBotTM in place, in the 
event that one robot broke down. Having only one 
robot available for the trials is very risky, since it 
could mean that a trial had to be abandoned if a ro-
bot fails. Re-recruiting subjects and properly prepar-
ing the experimental room is a very time-consuming 
activity, unless a permanent setup is available. This 
was not the case in our trials, where rooms were 
only temporarily available for a given and fixed 
duration (two weeks for the study involving chil-
dren, 2 months for the adult study). Afterwards the 
setups had to be disassembled and the rooms had to 
be transformed back into seminar or conference 
rooms. This also meant that any phases of the trials 
could not be repeated. Therefore, it was essential to 
get it right first time despite the limited preparation 
time. This is a situation common to a University 
environment with central room allocations and usu-
ally few permanent large laboratory spaces suitable 
for studies with large human-sized robots.   
4.2 Camera Placement 
The placement of the cameras should be such that 
the whole trial area is covered by one or two views. 
For our first trial, we used two cameras placed in 
opposite corners of the room, both facing towards 
the centre of the room.  As a result we recorded two 
views of the centre of the room, but missed out on 
what was happening at the edges of the room.  A 
better way to position the cameras would have been 
to point the cameras to the right (or left) of room 
centre, with only a small view overlap in the centre 
of the room.  This way, the two views also include 
the outer edges of the room. (See fig.5) 
Camera 
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Fig. 5:  Diagram showing correct placement of cam-
eras to maximise coverage of room. 
It is best to use two cameras to cover the entire area 
as shown in the diagram, with additional cameras to 
obtain detailed views of specific areas of interest.  
For example; when it is known that subjects will 
have to sit at a certain desk, which is in a fixed posi-
tion, it is worth setting up an individual camera just 
to record that position in detail.  Setting the correct 
height of the cameras is important to obtain a good 
view of the subjects face.  
4.3 Distance Measurements 
One main aspect of our trials was focused on exam-
ining the spatial distances between the robot and 
human subjects.  Video images can be useful in es-
timating these distances. In both our child group and 
single adult trials, markings were made on the floor 
with masking tape to provide a method to estimate 
the position of the robot and the human subjects 
within the trial areas.  However, these markings 
were visible to the subjects, and may possibly have 
influenced the positioning of the human subject dur-
ing the course of parts of the experimental scenarios.   
 
In the context of a study described by Green et al. 
[2004],  a method was used that involved overlaying 
a grid of 0.5m squares onto still images of the floor 
of their trial area for individual frames from their 
video recordings.  This method would allow the 
positions of the robot and subject to be estimated 
with a high degree of accuracy if it can be adapted 
for live or recorded video data.  It would provide a 
semi-transparent grid metric overlaid onto the floor 
of the live or recorded video from the cameras.  The 
possibility of visible floor markings affecting the 
positions taken by the subject would not happen.  
For future trials we will want to use such a ‘virtual 
grid’ on the floor of the recorded video data. We are 
currently evaluating suitable video editing software.   
5 Subject’s Comfort Level 
For the adult trials, we experimented with a method 
of monitoring how comfortable the subject was 
while the trials were actually running.  We devel-
oped a hand held comfort level monitoring device 
(developed by the first author) which consisted of a 
small box that could be easily held in one hand (see 
fig. 6). On one edge of the box was a slider control, 
which could be moved by using either a thumb or 
finger of the hand holding the device.  The slider 
scale was marked with a happy face, to indicate the 
subject was comfortable with the robot’s behaviour, 
and a sad face, to indicate discomfort with the ro-
bot’s behaviour.   
 
 
Fig. 6: Photograph of Hand Held Comfort Level 
Monitoring Device 
 
The device used a 2.4GHz radio signal data link to 
send numbers representing the slider position to a 
PC mounted receiver, which recorded the slider po-
sition approximately 10 times per second..  The data 
was time stamped and saved in a file for later syn-
chronisation and analysis in conjunction with the 
video material.  The data downloaded from the hand 
held subject comfort level device was saved and 
plotted on a series of charts. However, unexpect-
edly, the raw data was heavily corrupted by static 
from the network cameras used to make video re-
cordings of the session. It has been possible to digi-
tally clean up and recover a useful set of data. A 
sample of the raw data and the cleaned up version is 
shown in the figs. 7 and 8.  
 
Many of the comfort level movements correspond to 
video sequences where the subject can be seen mov-
ing the slider on the comfort level device. This con-
firmed that the filtered files were producing a reli-
able indication of the comfort level perceived by the 
subject. For future trials, it is intended to incorporate 
error checking and data verification into the RF data 
transfer link to the recording PC in order to reduce 
problems with static. 
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Fig. 5:  Raw Data as Received from Handheld Com-
fort Level Monitoring Device 
Jul21-1
Filter Threshold = 60
0
50
100
150
200
250
300
13
:1
9:
12
13
:2
2:
05
13
:2
4:
58
13
:2
7:
50
13
:3
0:
43
13
:3
3:
36
13
:3
6:
29
13
:3
9:
22
13
:4
2:
14
13
:4
5:
07
13
:4
8:
00
13
:5
0:
53
13
:5
3:
46
13
:5
6:
38
13
:5
9:
31
14
:0
2:
24
14
:0
5:
17
14
:0
8:
10
14
:1
1:
02
14
:1
3:
55
14
:1
6:
48
14
:1
9:
41
14
:2
2:
34
14
:2
5:
26
14
:2
8:
19
14
:3
1:
12
14
:3
4:
05
14
:3
6:
58
14
:3
9:
50
Time
Co
m
fo
rt
 
Le
v
el
 
Fig. 6: Digitally Filtered Data from Handheld Com-
fort Level Monitoring Device 
6 Questionnaires 
For both interactive trials, subjects were asked to 
complete questionnaires. For the child-robot interac-
tions only five minutes at the beginning, and five 
minutes at the end of each session were available.  
Due to limited time, only basic information was 
obtained, such as gender, age, approval of com-
puters and robots, and how they liked the interactive 
session.  For the adult study, the questionnaires were 
much more comprehensive. The time taken for the 
session typically ranged from 40 minutes to 1 hour. 
Up to half the time was spent completing question-
naires.  The questionnaires covered the subjects’ 
personality traits, demographics, technical experi-
ence, opinions towards a future robot companion, 
how they felt about the two contrasting robot ‘per-
sonalities’ exhibited by the robot during the interac-
tion scenarios, what they liked or disliked about the 
robot interactions, and how it could be improved, 
etc.   
6.1 Questionnaire Design  
Questionnaire design requires training and experi-
ence. There are a number of different considerations 
researchers should take into account before embark-
ing on designing a questionnaire. Firstly, the notion 
of whether a questionnaire is the best form of data 
collection should be addressed.  For instance, in 
some situations an interview format might be pre-
ferred (e.g. if conducting robot interactions studies 
with young children that have low reading abilities). 
A questionnaire is usually completed by the partici-
pant alone. This does not allow the researcher to 
probe for further information they feel may be rele-
vant to the experiment or verify participant re-
sponses. However, the advantage of using question-
naires is that they are usually fast to administer, and 
can be completed confidentially by the participant.  
 
The development of a questionnaire goes through a 
series of different cycles.  Questions that should be 
considered are:  
• Is the questionnaire I am going to use a 
valid measure (i.e. does it measure what I 
really want it to measure) 
• Is it reliable (i.e. do I get the same pattern 
of findings if the questionnaire is adminis-
tered a few weeks later?), 
• Have I used value-laden or suggestive 
questioning (e.g. “Do you think this robot 
is humanlike?”), compared to neutrally 
phrased questions (e.g. “What kind of ap-
pearance do you think this robot has?”)?,  
• Do I want to use a highly structured ques-
tionnaire or a semi-structured question-
naire, for example where subjects can ex-
press their attitudes towards a particular 
aspect of the robot interaction in more de-
tail?   
Some questionnaires are easier to design than oth-
ers. For example, a questionnaire that enquires about 
subject demographics must include items that en-
quire about age and gender.  However, even when 
considering something as simple as age, the re-
searcher must decide whether to use age categories 
or simply get the subject to write their age in.  
 The complexity of questionnaire design occurs 
when a new research domain is being explored, and 
human-robot interaction is a perfect example of this. 
There is no such thing as a perfect questionnaire, but 
careful team planning and pilot testing can ensure 
that you have the best possible measure. To carry 
out a pilot test for a questionnaire, the researcher 
must recruit independent subjects with the same 
demographics that they hope to include in the real 
experiment. Sometimes, it is not easy to get volun-
teers to participate in a pilot test, but obviously the 
more responses you get, the more certain you can be 
of what necessary changes need to be made. It is 
good practise to carry out the pilot study with ap-
proximately 5-10 subjects although this depends on 
the number of conditions etc in the experiment. In 
addition to asking the pilot subjects to complete the 
trial questionnaires, it is recommended to ask them 
directly whether they found any aspects particularly 
unclear, complicated or irrelevant etc.  One could 
also ask the subjects whether they would change 
anything about the overall structure or format, and 
whether there were important questions that you 
omitted. 
 
A further issue relates to the type of data you will 
have to analyse.  It is important at the design and 
pilot testing phase to consider the statistical frame-
works that you wish to use, as the questions need to 
be asked in order to fit their requirements as well as  
the research goals.  For example, continuous scales 
for questionnaire responses lead to very different 
analytical frameworks compared to categorical (e.g. 
yes/no) response formats (i.e. interval versus nomi-
nal/ordinal data). Although this process can seem 
time consuming at the outset, it is certainly worth it, 
as it is impossible to make changes while the trials 
are running. An error in the questionnaires could 
possibly invalidate one or more questions, or in the 
worst case, the whole questionnaire. As highlighted 
above, no questionnaire is perfect and we discov-
ered this for ourselves in the adult robot-interaction 
study. Below we give an example of a possible 
problematic question and a suggested solution:  
 
Example question 
Q.  Would you like the robot to approach you at a 
speed that is? 
1) Fast 
2) Slow  
3) Neither fast nor slow 
 
The above question is phrased in an unspecific way, 
resulting in, whatever answer is given, little quanti-
fiable information about the preferred approach 
speed. Due to this lack of a reference point, in prac-
tice, most subjects are likely to choose answer 3), as 
most people want the robot to approach at a speed 
which is ‘just right’. An improved way of asking the 
question could be: 
 
Suggested improvement to question 
Q.  Did the robot approach you during the trials at a 
speed that you consider to be? 
1) Too fast 
2) Too slow 
3) About right  
 
Hopefully, results obtained from this improved 
question would relate a subject’s preferred robot 
approach speed relatively to the actual speed em-
ployed by the robot in a trial.  If finer graduations of 
preferred robot approach speeds are desired, then 
the trial context and situation must be more closely 
controlled, with multiple discrete stages, with the 
robot approaching at different speeds at each stage.  
 
Questionnaire Completion - In our trials it was nec-
essary for some of the questionnaires to be com-
pleted in the robot trial area.  The subject completed 
the first questionnaires while the robot was wander-
ing around the trial areas in order to acclimatise the 
subject to the robot’s presence.  The two post sce-
nario questionnaires were also administered in the 
trial area, straight after the respective scenarios, 
while they were fresh in the subject’s memory. We 
were not able to gain access to the trial area to turn 
the video cameras off during this time, as we wanted 
to preserve the illusion that the subject and supervi-
sor were on their own with the robot during the trial.  
However, there were several other questionnaires 
and forms, which could have been, administered 
elsewhere.  This would have reduced the amount of 
video tape used per session.  Also the WOZ opera-
tors had to sit perfectly still and quiet for the dura-
tion of these questionnaires. However, a drawback 
of administering the questionnaires outside the ex-
perimental room is that it changes the context, and 
might distract the subject etc. Such factors might 
influence the questionnaire results. Thus, there is a 
difficult trade-off between savings in recording 
video tape and other data during the trials, and pro-
viding a ‘natural’ and undisturbed experimental en-
vironment.   
 
The environmental context is an important consid-
eration for human-robot interaction studies as ques-
tionnaire and interview responses, and observational 
data will vary depending on the experimental set-up.  
For example, it would not appear to be problematic 
to complete a participant demographics question-
naire in the experimental room, which in this case 
was the simulated living room containing the robot.  
However, when administering a questionnaire that 
relates to robot behaviour, appearance, personality 
or the role of future robot design, the robot and 
room set-up could influence subject responses.  For 
example, in both the child and adult studies subjects 
completed a questionnaire at the end of the robot 
interaction scenarios about their perceptions towards 
a future robot companion.  If the intention is that 
they consider the robot interaction and robot appear-
ance they have just interacted with in the responses 
(as it was the case in our study), then this is accept-
able. However, the researchers must be aware that 
subject experiences with the robots in the simulated 
living room are likely to have influenced their re-
sponses in some way.  
 
For trials run in 2004 at the Royal Institute of Tech-
nology, Sweden, the WOZ and camera operators 
were in view of the subject while user trials were 
taking place [Green et al. 2004].  However, the fo-
cus of their study was mainly on human-robot dia-
logue and understanding, command and control of 
the robot, which may not have been affected by the 
presence of other people. We have found that when 
other people are present, then subjects will tend to 
interact with those other people, as well as the robot.  
For our single adult interactions, we wanted to ob-
serve the subjects reactions as they interacted only 
with the robot.  Thus, while the experimenter in the 
adult study stayed in the same room as the subject, 
she deliberately withdrew herself from the experi-
ment by sitting in a chair in a corner and reading a 
newspaper. Moreover, she did not initiate any com-
munication or interaction with the subjects, apart 
from situations when she had to explain the experi-
ment or the questionnaires to the subject, or when 
she had to respond to a verbal query from the sub-
ject. We opted for this approach since the study tar-
geted a ‘robot in the home’ scenario, where it would 
be likely that a person and robot would spend a con-
siderable amount of time alone together in the envi-
ronment.  
7 Design and Methodological 
Considerations 
At the outset of designing any study there are a 
number of crucial design and methodological con-
siderations.   
 
First, the research team must decide what the sample 
composition will be including, individuals, groups, 
children, adults, students, or strangers from the 
street.  This is important as the interpretation of re-
sults will be influenced by the nature of the sample.  
For example in the current study, we observed quite 
distinct differences in the interaction styles between 
groups of children who were familiar with each 
other, and individual adults who were alone in the 
room with an experimenter who did interact in the 
experiment.  Also, as with many other studies, the 
current adult sample were self-selected and were all 
based at the university (either as staff or students), 
which could result in a positive or negative bias in 
the results.  It is very difficult to recruit completely 
randomised samples and there is always a certain 
amount of self-selection bias in all studies of this 
design.  
 
Second, the environmental context should be con-
sidered, in the sense of whether a laboratory set-up 
is used or a more naturalistic field study.  Different 
results are likely to emerge depending on the envi-
ronment chosen.  The adult human-robot interaction 
study involved a simulated living-room situation 
within a conference room at the University.  Al-
though we tried to ensure it was as realistic as pos-
sible, subjects still knew it was not a real living 
room and were likely to have felt monitored by the 
situation.  Ideally it would be best to carry out future 
robot-human interaction studies in peoples’ homes 
or work places in order to capture more naturalistic 
responses and attitudes towards the interactions.  
However, there are advantages for carrying out 
laboratory based studies as it allows the researchers 
greater control and manipulation of potential con-
founding variables. This cannot be done in the natu-
ralistic field, so it is certainly common practise to 
begin new research protocols in laboratory set-ups.  
 
Cultural differences are also important if the re-
searchers are hoping for widespread generalisation 
of the findings.  However, this is often impractical, 
highly expensive and time-consuming.   
 
The overall design of experiments is extremely 
important in terms of whether between-subject 
groups (independent measures design) or within-
subject groups (repeated measures designs) are used.    
There are advantages and disadvantages associated 
with both.  Between-subject designs involve differ-
ent subjects participating in different conditions, 
whereas within-subject designs mean that the same 
set of subjects take part in a series of different con-
ditions.  Between-subject designs are less suscepti-
ble to practice and fatigues effects and are useful 
when it is impossible for an individual to participate 
in all experimental conditions. Disadvantages in-
clude the expense in terms of time and effort to re-
cruit sufficient participant numbers and insensitivity 
to experimental conditions. Within-subject designs 
are desirable when there are sensitive manipulations 
to experimental conditions.   As long as the proce-
dures are counterbalanced, biased data responses 
should be avoided.   
 
A final consideration should be whether the re-
searchers feel the results are informative based on 
information recorded at one time point.  Human-
robot interaction involves habituation effects of 
some kind and it would be highly useful for re-
searchers to be able to follow-up the same sample of 
subjects over an extended period of time at regular 
intervals, to determine whether for example, they 
become more interested/less interested in the robot, 
more positive/negative towards the robot and so 
forth.  
 
Human-robot interaction studies are still a relatively 
new domain of research and are likely to have a 
high explorative content during initial studies.  It 
took the science of human psychology many years 
to build up a solid base of methods, techniques and 
experience, and this process is still going on at the 
present. The field of human-robot interactions is still 
in its infancy and carrying out these initial explor-
ative studies implies that there are not likely to be 
any concrete hypotheses claiming to predict the di-
rection of findings. This would be impossible at the 
outset of studies if there are not many previous re-
search findings to base predictions on.  The nature 
of exploratory studies means that there are likely to 
be many different research questions to be addressed 
and in any one study, it is simply impossible to con-
sider all possible variables that might influence the 
findings.  However, once exploratory studies have 
been conducted it should allow the researchers to 
direct and elucidate more concrete and refined re-
search hypotheses for future, more highly controlled 
studies.  
8 Summary and Conclusions 
We have discussed our experiences of running two 
trials that involved humans and robots physically 
interacting, and have highlighted the problems en-
countered.   
 
1. When designing and implementing a trial that 
involves human and robots interacting physi-
cally within the same area, the main priority is 
the human subject’s safety. Physical risk cannot 
be eliminated altogether, but can be minimised 
to an acceptable level.  
2. There are ethical considerations to be consid-
ered.  Different countries have differing legal 
requirements, which must be complied with.  
The host institution may also have additional 
requirements, often within a formal policy.   
3. Practical ways are suggested in which robots 
can be programmed or controlled in order to 
provide intrinsically safe behaviour while carry-
ing out human-robot interaction sessions. This 
complements work in robotics on developing 
safe robot motion and navigation planners by 
other partners within the COGNIRON project 
and elsewhere [Roy and Thrun, 2002] 
4. The advantages of different types of video cam-
eras are discussed, and we suggest that if using 
network based video cameras, it is wise to use 
at least one videotape-based camera as a backup 
in case of network problems, and vice versa.  
We also suggest some (obvious) ways to opti-
mise camera placement and maximise coverage.  
5. Similarly, we suggest it is good practice to have 
a backup robot available. 
6. Sufficient time should be allocated to setup the 
experimental room and test all equipment and 
experimental procedures in situ.  For example, 
our study used Radio Frequency (RF) based 
equipment to monitor and record the comfort 
level of the human subjects throughout the adult 
trial.  We found that there was interference 
coming from sources that were only apparent 
when all the trial equipment was operating si-
multaneously.  
7. Some points to consider when designing ques-
tionnaires are made.  Completing questionnaires 
away from the trial area may conserve re-
sources but influence the questionnaire results.  
8. A careful consideration of methodological and 
design issues regarding the preparation of any 
user study will fundamentally impact any re-
sults and conclusions that might be gained. 
 
It is vital that sufficient time is allowed for piloting 
and testing any planned trials properly in order to 
identify deficiencies and make improvements before 
the trials start properly. Full scale pilot studies will 
expose problems that are not apparent when running 
individual tests on the experimental equipment and 
methods. In our own studies the problems we did 
encounter were not serious enough to damage or 
invalidate major parts of the trials.  We have high-
lighted other features of our trials we can improve 
upon, and made suggestions as to how to overcome 
the problems we have encountered. The lessons 
learned can be used to improve future trials involv-
ing human-robot interaction. 
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